Summary &horbar; This study was performed in adult male goats in which seasonal variations were abolished by rapid alternations of long days and short days. These treatments have been shown previously to prevent seasonal changes in the hypothalamo-pituitary axis and to maintain testis weight and sperm production at a high level. The experimental groups were exposed for 3 years to an alternation of either a 1 month short (16 h dark; 8 h light) and 1 month long (16 L; 8 D) photoperiod (2 month cycle; n = 5) or of a 2 month short and 2 month long photoperiod (4 month cycle; n = 4). The control groups were maintained in natural photoperiodic conditions (45°N) and goats were slaughtered in the non-breeding season (end of April RS; n = 5) at the same period as light-treated bucks, or in the breeding season (end of September BS; n = 6). The total weight of the testes, the length and mean diameter of the seminiferous tubules of light-treated goats were similar to those in the breeding season, and higher than those in the non-breeding season. The total number of A o spermatogonia was increased by light treatments as compared to control goats in the breeding and non-breeding season. The daily production of A, spermatogonia, leptonene primary spermatocytes and round spermatids in light-treated goats was maintained at the peak breeding season level. The intra-testicular concentration of testosterone, total volumes of intertubular tissue and of Leydig cells, and the number of Leydig cells per testis did not differ between groups. Although the mean cross-sectional area of Leydig cells in light-treated goats was similar to this area in non-breeding season goats, it was significantly lower than that of breeding season goats. In conclusion, the rapid alternation of short and long days allowed an increase in all the germ cells from the A o spermatogonia onwards, which was responsible for the maintenance of high spermatogenetic activity of light-treated goats.
. Maximum plasma levels of both hormones and sperm production occur in autumn and winter (Saumande and Rouger, 1972; Delgadillo etal, 1991; , and these seasonal variations are mainly entrained by photoperiodic changes (Branca and Cappai, 1989; Delgadillo et al, 1991; .
In male sheep and goats subjected to rapid photoperiodic changes, the seasonal fluctuations in LH and testosterone release were abolished and maximum plasma LH and testosterone concentrations in lighttreated males never reached those observed in control animals during the breeding season (Almeida and Pelletier, 1988; . These rapid photoperiodic alternations prevented the negative feedback effect of high testosterone secretion and therefore maintained high testis weight and sperm production (Almeida and Pelletier, 1988; (Delgadillo et al, 1991 This difference was also recorded at the end of the third experimental year during the daily sperm output test (Delgadillo etal, 1993) . 
MATERIALS AND METHODS

Animals
Nine adult Alpine and Saanen male goats were submitted over 3 consecutive years to rapid photoperiodic changes. They were the same males as described in Delgadillo et al (1992, 1993) . The first group, 2 months (2-mo, n = 5 animals), was subjected to 1 month of long days (16 h of light/8 h of darkness) and to 1 month of short days (8 h of light/16 h of darkness). The second group, 4 months (4-mo, n = 4), was subjected to alternations of 2 months of long and 2 months of short days. They were compared with 2 groups of male goats subjected to natural photoperiodic changes, taken either at the end of April (n = 5) during the non-breeding resting season (RS) or during the breeding season (BS) at the end of September (n = 6).
Goats of 2-mo, 4-mo and RS groups were slaughtered at the end of the third experimental year (end of April, at the end of a short-day period) and BS goats were slaughtered in October. Immediately after slaughter, testes, epididymis and seminal vesicles were weighed. A small sample (1-2 cm 3 ) of one testis per buck was fixed in Bouin-Hollande solution and processed for histological observation. The second testis was kept frozen at -20°C until assayed for intra-testicular testosterone.
Histology
Histological analysis was performed on 10 pm thick sections as previously described (Hochereau-de-Reviers et al, 1992 Ortavant, 1959) , leptotene primary spermatocytes (stages 1 and 2) and round spermatids (stages 6-1 ) were counted on 10 cross-sections of seminiferous tubules per animal. The number of Sertoli cells and germ cells per section was corrected for the nuclear size and section thickness as described by Abercrombie (1946) , assuming that nuclei were spherical in nature.The total length of the seminiferous tubules per testis was then calculated according to the equation of Attal and Courot (1963) . The total numbers of Sertoli, germinal and Leydig cells were calculated as described in Hochereau-de-Reviers et al (1992) , and the daily production of germ cells was then calculated from their total numbers per testis divided by the mean duration of the seminiferous epithelium cycle, ie 9.8 d in the male goat (Derashri et al, 1992 . Indeed, on the ninth consecutive day of semen collection, the mean daily sperm output (DSO) in both light-treated groups (2-mo: 3.68 ± 0.59 x 109; 4-mo 6.25 ± 0.61 x 10 9 spermatozoa/d) was significantly higher than the RS group (2.96 ± 0.36 x 1 O 9 spermatozoa/d; P < 0.05) (Delgadillo et al, 1993) . A similar phenomenon was also observed in Ile-deFrance rams subjected to short photoperiodic cycles (Pelletier and Almeida, 1987; Chemineau et al, 1988 . One of the main feature of such light-treated males was the consistent modification in the frequency of pulsatile release of LH, because this gonadotrophin activity was driven by rapid photoperiodic changes and not by annual changes as in control males. The frequency of LH release was higher most of the year, especially during the rest season when LH pulsatility was low in control males, but in reverse, during the 1 or 2 months of the full breeding season (around September), control males had a higher pulsatility than light-treated males. In the 2-mo group, mean LH concentrations were similar in long and short days, while, in the 4-mo group, these concentrations were lower in long than in short days. However, these values never reached the LH levels observed in the BS group . Testosterone secretion may also play an important role in such phenomenon. In spite of the absence of differences between groups in the intra-testicular content of testosterone, which was probably due to the very high variability in testosterone concentration and content of BS and RS groups, a tendency towards a lower testosterone concentration in the testes of light-treated bucks as compared to that of control bucks could be detected. In fact, the mean values of plasmatic testosterone concentrations obtained in both treated groups in weekly blood samples over 2 consecutive years (2-mo: 10.6 ± 1.8 ng/ml; 4-mo: 12.0 ± 1.8 ng/ml) were significantly lower than those of the BS group (19.4 ± 1.5 ng/ml) (Pelletier and Almeida, 1987; Almeida and Pelletier, 1988 (Hochereau-de-Reviers et al, 1992) or that observed after 3 month treatments of constant short days (Hochereau-de-Riviers et al, 1985) . The (Courot et al, 1985) . In mice, FSH stimulates the production by Sertoli cells of steel factor (SLF or SCF) which is the ligand of ckit; this factor stimulates the proliferation of A spermatogonia in a dose-dependent manner (Rossi et al, 1993) . The degradation of c-kit is enhanced by TGF!1 (de Vos et al, 1993) , the secretion of which is negatively regulated in Sertoli cells by FSH (Benhamed et al, 1988) . So FSH could control the proliferation of type A spermatogonia by at least 2 mechanisms: increase in SCF secretion and decrease of its ligand degradation. A second set of factors, which could play a role in this mechanism, includes the activins/inhibin (Mather et al, 1992 (Mather et al, , 1994 (Lincoln and MacNeilly, 1989) . In the rat, FSH regulates mRNA of the a-but not [3-B subunit of inhibin (Krummen et al, 1989) . Activin controls the proliferation of rat spermatogonia (Mather and Krummen, 1992; Kaipia et al, 1992 Kaipia et al, , 1994 . Furthermore, an activin (3-neutralizing antiserum blocks activin [3-stimulated 3 H-thymidine incorporation in spermatogonia (Mather etal, 1994) . Activin receptors (Act RII) were detected in type A spermatogonia in rodents (Kaipia et al, 1992 (Kaipia et al, , 1994 .
In conclusion, the rapid alternations of short and long days prevent the regression of the Leydig cells, promote the proliferation of germ cells from AO reserve stem spermatogonia onwards and maintain a high production of spermatids.
